worldwide. Klebsiella pneumoniae was first reported in Taiwan in the 1900s and now surpasses E. coli as the predominant isolate in patients with hepatic abscess [4] [5] [6] .
An HCC manifesting as a liver abscess, due to either spontaneous liquefied necrosis of the tumor interior or biliary obstruction caused by a tumor fragment [7] , is a condition rarely reported in the literature.
This study reviewed all HCC patients treated at this institution during the past 2.5 years and describes the characteristics of those who initially presented with liver abscess.
PATIENTS AND METHODS
This study retrospectively reviewed the medical records of 906 HCC patients treated between January 2005 and July 2007 at Kaohsiung Medical University Hospital (Kaohsiung, Taiwan). Data were collected for all treatment-naïve HCC patients who were initially diagnosed with liver abscess during hospitalization. All patient data, including clinical data, imaging studies and histology, were entered into a database for further analysis.
RESULTS
There were a total of nine patients (5 males, 4 females) who were initially diagnosed with liver abscess and in whom the final histology revealed HCC.
Patient characteristics
Nine of 906 (0.99%) patients had HCC with abscess presenting as pyogenic liver abscess. The mean age of the nine patients was 65.8 years (range, 52-80 years). Of the six hepatitis virus carriers, two, one, and three patients had hepatitis B, hepatitis C, and both hepatitis B and C, respectively. Only three patients were negative for both hepatitis B and hepatitis C. Three patients had diabetes mellitus. None of the patients were diagnosed with combined hepatolithiasis.
Manifestations
Symptoms included fever in all nine patients (with chills in 3), right-upper-quadrant pain in four, poor appetite in four, and fatigue in three. Other prominent signs included right-upper-quadrant tenderness in four, and jaundice (with indications including icteric sclera, tea-colored urine, or clay-colored stool) in two. No hepatomegaly or bulging abdominal mass was noted (Table 1) .
Laboratory data
Of the nine patients, leukocytosis with left shift was noted in six. Anemia (defined as hemoglobin < 13 g/dL in males and < 12 g/dL in females) was noted in seven patients. The C-reactive protein levels (normal < 5 μg/ mL) were abnormal in all patients. Hyperbilirubinemia (normal 0.2-1.0 mg/dL) was noted in one patient. Six patients had hypoalbuminemia (normal 3.5-4.5 g/dL). In one patient, the prothrombin time was 4 seconds longer than normal (Table 2) .
Mild-to-moderate abnormal serum aminotransferase level (< 4-fold increase) and elevated serum alkaline phosphatase level were noted in eight of the nine patients (Table 2) .
Work-up of liver abscesses
All patients underwent ultrasonography (US; Figure 1 ) and computed tomography (CT; Figure 2 ) examinations to detect the presence of abscess and characteristics of the liver (Table 3) . Abscess aspiration and culture collection were also performed. All abscess cultures were positive for K. pneumoniae. All patients underwent antibiotic therapy, and none required drainage tube insertion.
Characteristics of HCC
Tumor size was 3-13 cm (mean, 5 cm). In eight of the nine patients, liver abscess and HCC were both diagnosed during the initial hospitalization. One patient initially diagnosed with abscess suffered one recurrence but, after the patient underwent resection of the lesion, the final diagnosis was HCC with liver abscess.
Management of HCC and outcomes
After antibiotic treatment of the liver abscess, one patient received conservative treatment due to hepatic failure. Two patients underwent tumor resection after antibiotic treatment, and neither revealed evidence of recurrence during follow up. Most (6) patients underwent transhepatic arterial chemoembolization after completing antibiotic therapy. One of the nine patients died of sepsis after undergoing three transhepatic arterial chemoembolization treatments.
DISCUSSION
Patients with liver abscess usually present with fever, chills, anorexia, fatigue, or other symptoms such as nausea, vomiting, right-upper-quadrant pain, diffuse abdominal pain, pleuritic chest pain, and jaundice [8] . Fever, the most common symptom, reportedly occurs in 70-95% of cases [8] . All patients in the current study were febrile. Some also exhibited right-upper-quadrant pain, fatigue, and jaundice. The most common laboratory finding in these patients is leukocytosis, which reportedly occurs in 70-82% of patients [8] .
Alkaline phosphatase levels 2-3 times the upper limit of normal are also common [6, 8] . Elevated transaminase levels and hypoalbuminemia are also commonly observed. All of the patients in the current study exhibited leukocytosis and high alkaline phosphatase levels [9] . An abscess-like clinical presentation, particularly with the coexistence of tumor necrosis, is one symptom of HCC [7, 10] . According to Smalley et al, these features occur in approximately 25% of all HCC patients with a non-cirrhotic liver [11] . The literature also describes several cases of abscess-like clinical symptoms [7] . One explanation for these similarities is neoplasm-associated granulocytosis resulting from granulopoietin production by tumor cells as well as pyrogen production by malignant tumor cells or by macrophages followed by tumor necrosis [7, 12] .
For early diagnosis and differential diagnosis of liver abscess, careful imaging of manifestations and their characteristics is essential. In this study, CT scans revealed low attenuation in all liver abscesses, and 91.7% of the enhanced lesions had a rim-shaped enhancement in the abscess wall, as described elsewhere [9] . Honeycomb-like, grid-like or strip-like enhancements reportedly occur in 75% of cases [9] . The CT findings of hepatic abscess are usually unremarkable, and diagnosing abscess is rarely difficult [9] .
An HCC typically presents as an intense enhancement in the arterial phase and as a contrast washout in the subsequent venous contrast phase [10] . Welldefined margins are more common in large HCC lesions than in smaller tumors [10] . The HCC is likely to present as a dominant mass with underlying liver damage characterized by smooth and encapsulated margins, necrosis and hypervascularity [10] . Recognizing the enhanced pattern characteristics of HCC is essential for accurate diagnosis. Distinguishing the hypervascular malignant area from the abscess lesion is also important.
A US image of liver abscess usually shows a lowechoic to mixed-echoic lesion [13, 14] . The margin may be blurred or irregular due to inflammation of surrounding areas [13, 14] . During the early stage, mixechoic parenchyma mass lesions are common, but significant tissue liquefaction is rare [13, 14] . Following the course of inflammation, sonography may reveal a low-echoic mass lesion. However, HCCs of < 3 cm in diameter usually appear hypoechoic without posterior enhancement whereas larger lesions, which are often necrotic and fibrotic, exhibit a more heterogeneous (mosaic) pattern [10] . Accurate differential diagnosis of HCC is essential in endemic areas such as Taiwan. Color Doppler US or even contrast injection are often helpful.
US findings of HCC with abscess may reveal single or multiple carcinomas, and either lobe may be involved. The size also varies. US can reveal the features of the liver abscess and, in some cases, those of the tumor itself. In the cases reported here, enhanced abdominal CT revealed that the area affected by the tumor was in the advanced arterial phase, which enabled the differential diagnosis of HCC alone versus liver abscess alone. Color Doppler or contrast-enhanced imaging studies are essential to diagnose HCC. Detailed examination of the aspirate is also needed to identify malignant cells. An abscess-like presentation is one marker for HCC, particularly in patients with tumor necrosis. Distinguishing between HCC and liver abscess without aspiration findings and using clinical presentations alone is extremely difficult. In this study, liver tumor aspiration frequently reveals not only pus, but also HCC tissue, which was further confirmed by pathology. The aspiration procedure is essential to diagnose HCC.
Liver abscess and hepatic tumor necrosis are difficult to distinguish by clinical symptoms, serology examination and imaging studies. Verification by punctate pathology is essential in HCC-endemic areas of Taiwan. 
